This study analyzes the clot stabilization on root surfaces of teeth impregnated with cotinine and nicotine and the influence of the scaling in the adhesion of blood components, observing the influence of new exposition to nicotine and/or cotinine after scaling. Fifteen human teeth extracted due to periodontal disease of non-smokers patients were selected and manually scaled. Four dentin blocks were obtained from each tooth (n = 60). Samples received blood application or reimpregnation with nicotine and/or cotinine, depending on the groups. Group 1: PBS immersion + root scaling + blood; group 2: nicotine + root scaling + blood; group 3: nicotine + root scaling + nicotine reapplication + blood; group 4: cotinine + root scaling + blood; group 5: cotinine + root scaling + cotinine reapplication+ blood; group 6: nicotine and cotinine + root scaling + nicotine and cotinine + blood. Samples were kept in 2 ml of each substance for 24 hours. Each group received a blood drop and was analyzed by SEM. The higher amount of blood components was present in teeth exposed to cotinine and the groups submitted to scaling and blood application in comparison with groups that received reapplication of toxic substances after scaling. The greater toxic effect on root dentin surface was after the exposure to nicotine and cotinine. Results suggest that periodontal healing may be delayed in smokers due to the direct inhibition of clot stabilization on the root surface when nicotine and cotinine are present concomitantly.
INTRODUCTION
The organization of a clot and its stability along the root surface is one of the first steps to promote periodontal regeneration. [1] [2] [3] [4] Collagen fibers from dentin and cementum allow the fibrin network stabilization that is an essential condition to slow the long junctional epithelium formation in periodontal repair.
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During the first step to regeneration, smokers can be harmed due to impregnation of toxic substances on the teeth. 6 The main toxic substance of the cigarette is nicotine.
Some adverse effects of this substance are related to lack of platelet adhesiveness, which causes microclots and decreases microvascular perfusion. 8 Another effect of nicotine is the decrease in red blood cells, fibroblasts and macrophages proliferation, impairing the healing process in surgical sites of smokers.
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Cotinine the major metabolite of nicotine is considered an accurate indicator of current smoking or exposure to smoke. Nicotine presents a short half-life in the blood, approximately 2 hours; in contrast, cotinine presents a longer serum half-life of approximately 19 hours. 6, 7 According to literature, nicotine and cotinine present in the root surface of patients who stopped smoking after the periodontal therapy can be eliminated in some cases, however, these toxic substances can still be found on root surface after scaling in a large number of patients with potential to modify cell functions, fibroblast growth and insertion in periodontal wound repair. The harm caused by nicotine and cotinine during the periodontal regeneration may increase in smoker patients when they keep the habit after the periodontal treatment, presenting new deposits of toxic substances on the root surface, however the delayed healing due to new exposition to nicotine and cotinine after periodontal treatment has not been evaluated. Studies have been showing the influence of tobacco smoking on periodontal healing, including fibroblasts colonization; 5, 6, [9] [10] [11] however, the first step of the healing process consisting in clot stabilization has never been evaluated.
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Thus, the aim of this study was to analyze the clot stabilization on root surfaces of teeth impregnated with cotinine and nicotine and the influence of the scaling in the adhesion of blood components, evaluating the influence of new exposition to nicotine and/or cotinine after scaling.
MATERIALS AND METHODS
This study was approved by the Sao Paulo State University -Araraquara Dental School (UNESP -FOAr) Ethical Committee (23/2008).
Sample Preparation
Fifteen human single-and multirooted teeth extracted due to severe periodontal disease of nonsmoker patients were used in this investigation. Teeth were obtained in the Human Teeth Bank of the Sao Paulo State University -Araraquara Dental School.
A high-speed cylindrical diamond bur (KG Sorensen, Barueri, SP, Brazil) under copious irrigation was used in order to make two parallel grooves 0.5 mm deep on the proximal root surfaces of each tooth (mesial and distal): one at the cementoenamel junction and the other 4 mm apical to the first. The area between the two grooves was flattened with the same bur.
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Teeth samples were impregnated in PBS-solution containing nicotine (1 mg/ml) and/or cotinine (1 mg/ml) for 24 hours. The delimited area was scaled with Gracey Curettes 5/6 (Hu-Friedy) through 50 cervical-occusal traction movements by the same operator to remove the contaminated cement and dentin.
The roots were cross cut in the first groove, in order to remove the crown. Four dentin blocks, approximately 2 × 2 mm, were obtained from each tooth, two from the mesial and two from the distal surface. Thus, 60 samples were obtained from the 15 teeth. Immediately, some samples received blood application or reimpregnation with nicotine and/or cotinine, depending on the groups as described below.
Impregnation with Nicotine and Cotinine
Nicotine (N-3876-Sigma Chemical Products, USA) and cotinine (C-5923-Sigma Products, USA) solutions were prepared by dilution in PBS (phosphate buffered solution) (Nociti et al, 2001 ; Breivik, Gundersen, Gjermo, Hörsten, and Opstad, 2009). This study tested nicotine and cotinine concentrations based on their concentration in saliva of smoking patients: nicotine-1 mg/ml and cotinine-1 µg/ ml (10, 13) . Samples were kept in 2 ml of each substance for 24 hours.
Experimental Groups
• Group 1: PBS immersion + root scaling + blood-(n = 10).
• Group 2: Nicotine + root scaling + blood -(n = 10).
• Group 3: Nicotine + root scaling + nicotine reapplication + blood -(n = 10).
• Group 4: Cotinine + root scaling + blood -(n = 10).
• Group 5: Cotinine + root scaling + cotinine reapplication + blood -(n = 10).
• Group 6: Nicotine and cotinine + root scaling + nicotine and cotinine + blood -(n = 10).
Blood Application
Fresh human whole peripheral blood from a healthy male donor was applied to the external root surface of 10 specimens of each group. Clot was allowed to maturate on root surface for 20 minutes in a humidified chamber at 37 o C. 4, 5, 12 Samples were then rinsed three times for 5 minutes in PBS. Washes and rinses of the root samples were performed in small petri dishes with a gentle swirling motion using a rotating tabletop shaker at low speed. After rinsing, the samples were fixed in 1% formaldehyde diluted in PBS for 15 minutes. After three 5-minute PBS rinses, the samples were incubated for 10 minutes in 0.02 M glycine diluted in PBS and rinsed again. Samples were post fixed in 2.5% glutaraldehyde in PBS for 30 minutes and rinsed again. Dehydration was performed through a graded ethanol series: 30%, 50%, 75%, 90%, 95% and three exchanges of 100%. Samples were dried in a carbon dioxide critical point drier (Baltec CPD 030, Baltec) and then dried at room temperature.
Samples were mounted on aluminum stubs with colloidal graphite; sputter coated with gold palladium in a specified device (Baltec SCD 050, Baltec), and stored and desiccated at room temperature for 3 days.
Scanning Electron Microscopy Analysis
The photomicrograph magnification of each sample was 500× and 2,000×. All photomicrographs were obtained through a scanning electron microscope (SEM) operated at 20 kV (Jeol JSM). After the photomicrographs were obtained, they were identified and scored as follows to verify the blood component adhesion (BCA) and to analyze the morphologic characteristics obtained in the treatment Score of blood component adhesion in each group: group 1 (G1): (PBS immersion + root scaling + blood application); group 2 (G2): (nicotine + root scaling + blood); group 3 (G3) (nicotine + root scaling + nicotine reapplication + blood); group 4 (G4) (cotinine + root scaling + blood); group 5(G5) (cotinine + root scaling + cotinine reapplication + blood); group 6 (G6) (nicotine and cotinine + root scaling + nicotine and cotinine + blood)
• 2-moderate fibrin network and moderate quantity of blood cells • 3-dense fibrin network and trapped blood cells.
Data Reproducibility
The same examiner evaluated all photomicrographs and was checked for reproducibility. The photomicrographs examined three times at 7-day intervals by an operator who was blind and previously calibrated with the other two operators (kappa score = 0.93). Each sample received the final score that prevailed among the three readings.
Statistical Analysis
Scores were used to verify the blood component adhesion in each group and in each sample. Results were analyzed by Kruskal-Wallis test followed by Dunn's post test (p < 0.05) (GraphPad Prism 5.0 Software).
RESULTS
Graph 1 shows the distribution of the scores for blood component adhesion in each group and by sample. Values were expressed in raw numbers and percentage of samples that received each score.
Statistical differences are observed in Graph 2. Group 4 (cotinine + root scaling + blood) presented the highest adhesion of blood components, and group 6 (nicotine and cotinine + root scaling + nicotine and cotinine + blood) had the lowest scores. The control group (group 1-PBS immersion + root scaling + blood application) presented blood components similar to group 2 (nicotine + root scaling + blood), 3 (nicotine + root scaling + nicotine reapplication + blood) and 5 (cotinine + root scaling + cotinine reapplication+ blood). Therefore, statistically significant differences were found between groups 1 and 6, groups 3 and 4, groups 4 and 6 (see Graph 2).
DISCUSSION
One of the most significant prejudicial factors for patients with periodontal disease is the tobacco smoking. The main mechanisms of tobacco's interference on wound healing are related with fibroblasts, platelets, and macrophages inhibition, vasoconstriction, and the overall toxicity of its nearly 4,000 components, including nicotine, carbon monoxide and cyanide. 8, 12, 13 Cell proliferation can decrease up to 50% in cigarette smoke concentrations above 200 mg/ ml. 14 However, the direct effects of tobacco components on the blood component adhesion to root surfaces (first step of healing) were not evaluated. The stability of the fragile attachment between the root surface and the gingiva is crucial for the outcome of periodontal healing. This first step of healing is provided by the maturation of fibrin clot. 3 Connective tissue repair on the root surface is dependent on an attachment between the fibrin clot and the root. In the absence of a stable fibrin attachment, the defect may quickly epithelialize. Therefore, the present in vitro study evaluated the blood component adhesion in teeth impregnated with nicotine and/ or cotinine, important toxic substances present in tobacco cigarettes. Each cigarette generates 26.1 mg of tobacco tar.
14 Graph 2: Column chart with mean and standard error distribution of the blood component adhesion index: group 1 (G1) (PBS immersion + root scaling + blood application); group 2 (G2) (nicotine + root scaling + blood); group 3 (G3) (nicotine + root scaling + nicotine reapplication + blood); group 4 (G4) (cotinine + root scaling + blood); group 5 (G5) (cotinine + root scaling + cotinine reapplication+ blood); group 6 (G6) (nicotine and cotinine + root scaling + nicotine and cotinine + blood). Statistically significant differences were found between groups 1 and 6, groups 3 and 4, groups 4 and 6 (p < 0.05)
JcDP
Considering that the saliva volume per day ranges between 1 and 1.5 liters in health individuals, tobacco concentration falls somewhere between 174 and 522 ug/ml/cigarette. Some studies showed that nicotine and cotinine concentration in human saliva has peaks of 1 mg/mL for nicotine and 1 mg/ml for cotinine. 10, 15 The concentrations employed in this study were based on these values. Despite of the great toxicity of nicotine, it has a short half-life (30 mins). Nicotine is rapidly metabolized into cotinine. 10 There is variability in relation to nicotine and cotinine toxicity, and this variation can be due to low-dose or high-dose exposure to cigarette smoke.
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There is a clear indicator that, at moderate to high doses, fibroblast activity is significantly diminished, although cotinine presents molecular similarity with nicotine and can be found in high concentrations in saliva and gingival crevicular fluid, it does not affect fibroblast attachment and morphology as much as nicotine.
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In control group, samples were kept in PBS. 16 The photomicrographs showed scarce fibrin network and/or blood cells (score 1) and moderate fibrin network and moderate quantity of blood cells (score 2). The higher amount of blood components (score 3) was present in teeth exposed to cotinine (group 4). Cotinine in the concentration employed in this study was able to provoke higher blood components adhesion in relation to control group, suggesting an important effect in clot stabilization. Martinez et al (2005) 10 also suggested a benefic effect on the adhesion and proliferation of fibroblasts when teeth were exposed to cotinine. The authors observed that the adhesion and proliferation of fibroblasts were inhibited by cotinine only in concentrations greater than 10 mg/ml, which is far greater than the highest concentration found in vivo (approximately 1 mg/ml), and surprisingly, the non-scaled specimens presented greater cell density than the scaled ones. Studies have already showed that nicotine in lower concentration is able to accelerate angiogenesis and promote wound healing, demonstrating a potential for nicotine to aid in the wound healing process. 17 In the present study, when control group (group 1) is compared to groups receiving nicotine (groups 2 and 3), lower blood components are found in samples that receive reapplication of the toxic substance (group 3). The group 2, shows adhesion of blood components similar to control group (group 1), demonstrating that scaling can reduce the concentration of the nicotine on root surface and to facilitate the blood components adhesion. The fact demonstrated by Morimoto et al, 17 nicotine in low concentration is able to promote healing, may be explained in part by no differences found between groups 1 and 2 results. However, the relationship between nicotine and cotinine with wound healing favoring the repair is not well explained yet.
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Greater amount of blood components also were observed on dentine surface of the groups submitted to scaling and blood application (G2 and G4) in comparison with groups that received reapplication of toxic substances after scaling (G3, G5 and G6). Although the difference was not significant statistically, the tendency of the results suggests that the periodontal treatment can be important to reduce the amount of toxic substances on root surface, allowing a better periodontal healing in low concentrations of nicotine and cotinine. This fact is mainly important for patients that quit smoking.
Statistically significant differences only were showed among groups 1(control group) and 6 (nicotine and cotinine + root scaling + nicotine and cotinine + blood), groups 3 (nicotine + root scaling + nicotine reapplication + blood) and 4 (cotinine + root scaling + blood), groups 4 and 6. The results show greater toxic effect on root dentin surface after the exposure to nicotine and cotinine. Despite the study tested, only two toxic substances of the tobacco cigarette, we can observe that the association of these substances can be harmful to the first step of periodontal healing even at low concentrations (score 0).
Samples only kept in nicotine or cotinine showed similar adhesion when compared with control group (PBS). Nevertheless, the present study considered the nicotine and cotinine concentrations found in human saliva, according to Morozumi et al, 19 the concentration in human gingival fluid might have peaks five times higher than in human saliva. Therefore, the study shows important information on the role of cotinine and nicotine direct effects on blood components adhesion to root surfaces. Nevertheless, the present study is an in vitro, thus, the evidences cannot be extrapolated to clinics, since the cigarette presents more than 4,000 toxic substances; nicotine and cotinine are only two of them. More studies are necessary on the effects of cigarette tar on human root surface and its effects on periodontal repair.
CONCLUSION
Wound healing is the cumulative result of clot adhesion, cell migration and division and the synthesis of extracellular molecules. An alteration in one of these steps may lead to delayed healing. The results presented in this study in vitro suggest that periodontal healing may be delayed in smokers due to the direct inhibition of clot stabilization on the root surface when nicotine and cotinine are present concomitantly.
